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ABSTRACT: 

A pipelined scheduler which allows easy implementation and control and further fair scheduling 
among input lines of a crossbar high speed switch fabric is discussed. By means of a round-robin 
communication scheme, a systematically ordered sequence of visits to time slots can be obtained 
regardless of whether the number of scheduler modules is even or odd by framing the time axis 
and using a priority matrix to reserve future time slots. Further, a Carry Over Round-robin 
Pipelined Scheduler (CORPS) achieves scalability to a large number of ports. Moreover, CORPS 
achieves one scheduling decision per line per slot, by scheduling packets in future slots. It is well 
suited to the support of Quality of Sen/ice traffic, since the choice of the queues to be scheduled 
is arbitrary. CORPS limits itself to resolve, in a fair way, the contention for output ports. 
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i^:2.-MZii',XmzMt:>flX\.^hi}^X\imtMX^'J 
a.-}V^-J:i.-MzX-oXmZl'ilh^tXX\^l,%^. H? 

uxy=J:>.-*}yy}^y'^-'jif^h. imLm^ti^mz 
mik^tix\.^hi}>)£oi)>imcthx'f'yrb. 
\^)mwmLmmmzmk^tix\^hi^. mum 
m)^^j^xu-y h^mjm^zwi^LxxTyrdiiz 
MhXTyrt. 

i ) mmMtmr^imk^tLXi^^j:^^^^. mm^ 

■t. mmtyyVi-t yhLX. Xr-yrdtMSXr 

Axn^yhSrJXO, lu^^<0^'-(A;^a«y hA5IX4>ii 
AiiSXr-yrt, 

k ) ifieX'Jri/jL-lly^^jX y-ii-i^^ACOXyi^a.- 
fV^ti^A-fUtzmtXT- -y T t . 3&»*>^rS . 



[0033] ^oA:»J-i^- h i&ai tTA:»Jl-ST-^ 

[00341 *^BflcO||3iOR^6i{cJ:ix{f , ^^ yh"?- 

i'izin'f^¥-^cr>ya-i»m-ri>x>{ .y^ti. isa 

->'jL- «j y^r-rt ^m(7ymLcr>x:fj^~ h X ^-J^- 0 
y^=ti^a.->Ui^lX'>-=J^-'^t. *»<i>fll«$ 
ti. mMx^i^jL-yit. mm^X:h7ic-hx^i^a.- 

y y^^ 'j:x.-)vti^ V yvmzmm^ti. i>^Axuy 

x^^JjL- y y^^t i/jL— ;W>\ ^oyfih^ AXD »y 
KctJJtS hJ^ys^A-U y^'^i^'A-/!^ 

'r-Ja.— y y^^^xA— mWiXtr-Ja.— y 

^}yy^'y:K-)V(rri'tM^^^mc^'±X. im<OXir 

'jjL->j yV't'ja.-Mzmm-^. 

[00351 m^(r>X:hx-yi^A-v y^'ti^^-fui 

i^^-'jy-/^'<iozk^:miti-i>, 
[00361 IMix-^-^J^-o y^uma. 

a) mE<OX'ir^A—>l'^ifA—/Wfi^ -^ffiX^'Ja.— 
i^jL-)l'i}>(i,Xdri^A-^J yiT^ -y -b- i^SrS^ 
SXf «yrt. 

\i)-^mk^<nx*ri>a.-)V^-J3.-Mf^ mLW^<r> 

A Axo y hT'c7«ififflfc:xiri/A- y y^^-tl. J: d 

m.-thx^v^h. 

:t.~)ViSii.'>XW^^1XX\^htS>b^iS>^^mthX 
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[0 0 37J $4>(c. \My^'rV3.-^)>y-fmt. 9 

miZJU Ty ^ >9Smzi^ 0 Jiff L . 7 \^-M.ay^X' 

[00 38] tfz. zcox^i^jL-vy^^uma. mi 
^xmmizmth-rimi^mi^mtzii\.^x . a: 
Lxmi:mihth, 

|.NxNvM):J'X5:#K-t|,c:i;{cJ:r)T. ^mjr>y 
[0040] 

(Carry Over Round-robin Pipelined Scheduler, 131T 

~yff)^m^i:fmtti»(r>vf>h. coRPsji. ^ 

ax-f -/'f-yrrV yi'cOy^ym&iiXX/y^y^eo 
M1jizmthX'>--y\z'V7-^iti^?>. y^ymz 
mttX^-y^'OT-^tntiMZ^ ;X>y-fe-xSSL* 
m-?>^WiT-^T^^^ti'm9i^tih, StCs RRG 

t tc;^ 7 r;Hc;*ft^-r I. tzif>iz .JUry^yr- 

[004 1] *i%B8HJ:ixtf. l^^SrmfcN 

mcrmmthxu y hm-hhx^ y h 7 i^-Mz^m 

LX. mmi:yi^-J^mt^^j:-t, m^thxiri^^L 

i;'Xffm,i'dL<<zmixi,y\y-J^^<r>xn y h$r>f r/r^' 
^WtLTV^S. '?Y^}^x<rmilAi. }£ff)SMiji. n 
^ yfi^ xizii'jX^^tit'Ayiy—M.piffiXuy 

[ 0 0 4 2 J a 7 {44 X 4g5t-7 X Sr^t^T-J) 



0, 08Ji. ia7t^LJtvh>J^';;^tc^tri>-'\Mr7 

^y^^tifz^^j^xa^hmsifmirm^Lx^'^h, 
ryA wbSfuft^ro-bxtt, g5t-7 y^y^x 
<rimf,zmz'^t.fix\^hMz^mt'<^%x:hh, 01 

^2XU';V'Qhhk%. SM#l*5<X7W-A<om4 
SM#3{4»:7U-AOlS2XD.y htPS^SX^r 

[ 0 0 4 3 1 @5fev h U 1 1 J: Oi^ia 

p-AF 1 <r>9im:W^\zmk^i\.. X'^-'J^l-o yif 

WL^^'b^AJ^XU-/ K^imim4T8-»T7-»T 
6^T5^T8i:^>5, 7 P-A F 1 ^7)3|^Tl^ef{c^ 
T^S. <I*U±. H6tC*L«:RRGSlCfctt6:}''( A 
XD.y hjSlalliff (TIO. T8, Tl 1. T9 • • 

■ ) h)mLXWm\zts:->X\^h. ^<7)fziibSMcrm 

ii s MofflstcM LT«$«oK«ij^< . m-mnzx 9 

[ 0 0 4 4 ] 09 {i 5 X 5fe5tv h y :5'X$'^-t0-C$) 
•5. 01O»i, @9tS^L;tvh'J:7Xtit^Sy\M7- 

-S. 7^-A-9--fX{i5:J'-f A;^o-y ht^:l,36«, N = 

Affi^kwmz^ ^Aj^xuvvmm^kimmtc 

tcot^cl). @8i:^«t, 7W-AFlfc:tJttS#S 

7^-AFl<05feSlT'|31l^{crat&$^t. X'rV' 
JL- y y^^^Srffo rJ'^f AXO -y K7))«|llJlifl5*«T 1 
0-»T9-*T8-*T7^T6^Tl Ofc^rO^ 7P-A 

F 1 (n^x:nn\z%-j^h . s M<7)mnzm ut«^ 

coiESiJ:^ < PIHaaiJtcT N X Ng^fev h y :^$r«$T 

RRGstimLxsMcommafmmi)^m 

[004 51 NxNg5tvhy^';^(i. iHi^x^y^ 

•yt-i^^mtc^mt:fjHz. sMem^mm^-^iz 

tlzX-^X^^tih. Zixl,zX<0. fc^»9>SSM*t, 
mizxir'jA- y y^^Sn^df- hfcWI-SffiffiJrjgi^ 

isitor)j (BP^>. 19-{ AXa-/hmCOSWl) izJ:-y 

xmzm\iixfztiif}^-hi:m^:it{:mi'rtn£. 3y 

[0 04 61 OhcOidtC, i$iaf!ll&7l— A^kLTS 
5tvhy^';i.$-ffli,^fc^'l«>2rfir^::tlcJ:0, SMcoffl 
RfcW Urffli5<OK«!|55:< A;^n -y hEUUlff*^ 

[00471 5E(3, *?gH3m. ^Mir-=^x^^+s 
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[00 48] 01 Hi, Wk</):^^'JjL-y^'J^-)U 

■CV^«.J SM<0ffl»tCtfi#UTN7U-A3lTJ£(fSC: 
t*^t'$S. gBlitiWfcJ:->Ti^S$^iSXa>y h 

•y hOS^ (OT. ^Ui^'ayJg^-yhfcV^d. ) b 

hii. ^-ttyu~M.'c~r'<-x(osmzx*)mfm^ 

3yig^-b-yh<7)ag2r^l#ie^-t^|gtt*iJ>S. 

y 3 >imi-titiif>izNmcr>yu- 
f ^ri5'fe>^gST'N3fflco;^p-y ^S:'i^gt■rs^tg 

[00491 S^x-ri^W^^ US*^S:^ltS 

izxr>x^^ii&yu-j^(r>mni. wmtmfiF^m 

JtaiBcoxo >y h (ci^;r^oT lltas:>j^-ht;jtLT <fe 

[ 0 0 5 0 1 SMa*«. ^;t^ii:^df-hpfc 

J:oT]Rii>ti/v:>?-o.yhmS:^o{t. ^^tiOlSllSL 

fc LT S M a J: ->Ti^$*utxn >y h 5:m X t 
S. ;^U«y hmn ( lgn<x) COV ^"Titt. mt^- 
hpfcoV^TIiSMaCrfcoTiWffl^ (ffljh, ^o-y 

=^fy/) fc^rS. t^oT. ^«0|!Bjh«S8g<i, -^;t^>it/v: 

[00 511 CORPSXy^'*a-'J>'^^r;^:l'yXA 

S> >y -t-vt . x^=j^- y y^^^*iieil$ixs s 
co^iz-^^^xmmtt. 

[0 0 5 21^-b;^Xn-yhT, f-x-f yrtiOj)* SM 

^ww^^trs. s^.y-fe-s;«. tiipiiiHmffiN 



^-i^'a-yy/H^ (scheduling elenent, J^TSEi: 

NfflcOSESrWfl). S^«y-fe-i^m:lT«07*-'7-y 

[00531 01 2ti. S^ y-t-vCO^^-V y hiSr 
TriWhl. R0{:tJV^T. S^-y-fe-j/CO^-X^s/* 
j.-yy^#SE«. ii?m®(TTL :Ti»e To Liv 
e). :5'>fAXO yMD (TSI : Tine Slot ID) . S 
M- I D. &l^ai*5j^-M D ( OP I : Output Pbrt 
ID) *»<i,^r5. 

•?^l^(TTL)li, ^mSEi^LtlSMtZXr, 
XM^IiZNiZ-iZ'/h^tLh. 

■ ^''fAXa yMD (TS I ) ti. iSltiOTS (^''f 

Axn y h ) A»f>xa'y h*Uiri;a-y 

• SM- 1 Dii. xyi^^-uy^^^itt^XiJ^- 

• iiii]^-hl D (OP I ) <i, 

[ 0 0 5 4 1 XO y hCOmaifZ. «-SM{i5tff-tS SM 
*>i^>S^-y-tr-i;^§fif ZiU±. ei^<ONffl<0X 
o y htft{t^>ii/::SES:^tf. J><i>«9>&SMti, 
Axo -y h S3t Ofc*»:fe'*'l HKOX^ri/jL- y y^^^ 

M p {iiSlT<7)rt§S:^f -r l>«r L v ^ S E ?r#^-r S . 
[005 51 •TTL=N 

• TS I =3Sffi<0XO <y h*>^,Stl?$n;':;^'-<AXO-y 

h^-CO (-?-n2:^tr) Xo«y h<^)«Rm 
• SM-I D=p 

• OPI=^'>f AXP-yh (CTS+m) Ct5ft&>'^^ 
•y h*«A^)^- b P*»'5.aj:ft;K- b qtc^$tL5 J: 3 

[0056] x^rj/^-y yymmzi}^tpi>t>-f. #s 

MJ±, iJCtfDSMt^-y-b— >f$^igt1wfc:, S^-y-fe-i; 
l*g(?)ffiO-r'^T<7)SE<7)TTL?:T^'y-><yhL. TT 
L = 0OSE^^-ri.. 

[0 057] #SM«. (N+1 ) NfflcOfl[a?r*tl^ 

tyri^-f SCJrWri.. S*J«ONfflco{iM{4. ^'OX 
/^x>f •yf-ti''i-;Kzi-?TS!;^»-ai^ixSa7l'-A 
cOXyi^'i-y^r/^SSr^-rS. C:ft^>OfiLS{4. 

i><-:>A>co^rftT'^'oxyN'riyho-5tJ;oT 
7^'-tX§tJ.||^. l8c^fcV^;cJf , SIVH4. icofilfSS: 

'r=J:r.~')y^y!^i^im'htz»)f.zm^^ixt. >t 

[00581 013 tCS^-r J; 3 tC. JJITC07 ^ -yP K*i 



(10) 1^13200 1-7822 (P200 1-7822 



• ^'^A^^D yMD : SCTl'^ ^</)^ yf-? XTh 

[0 0 5 91 • (Hit (Blockage) : :i1X\tSWX*ri^ 

hU**#4L^S. tan. mAi&Xhh. 
[0060] fih (Reservations) : Z-txim-i. t>1X 

th, CORPSE, m^'^J^XO yh (CTS) IZM 

)<>^-J zL-Mi^ ffScOSM (CTS) *^^>. -t;Pc7)S 
WrtXXhx'r'J a.- U vy^WJh.'^'t^L t ipX'^ h . 

-T'^.r COSMOS 

•Ci07'f-;l'H2:Jt«rSwi:t:J:'5. ^'a;^>'N'*i^' 

[006 1] CORP SX jri/jL-'J y^r^PrfU 

#SM{i. ::c:T'^Hjrri.coRPSx^ri;j,-ijy^ 

T;l/:/DXAtC^^. CORPStCtt. ^;t^><13t:SM 
3&*if<oaj*!Jf-b ^x^rj^A- 'J y^^L J: 5 t1-S*>fc: 

QtC1>--h'Xi-|.@*<?);Jf 'J -y-\ZlSio . Hi 4ttCO 
RP SX^ri^jL-y V'!/r)V^^)XJ^^7}ctVXl^^t 
-VX'hh.\:Xf. ^X^'.-Kx^'XlOl — l lOtCO 
v>T. lRlH<7)7D-(cta!v>^A%UiWr*. 
[0 0 6 2]ife-r. :J'X^'l OltfcV^T. l5fOSM*> 
/^S^ y-b-i^SrSfiL. #SE{CJttTTTL (W^ 

LTTTL>0O«^{:tt. TSI (^>fAXn«yM 
D) ?rT^"J;^>'hL. TSncfcttS^t'JTP'fS 

Ci&HfrtS. TTL=0<OJ^Wi. -!-<OSES:S^ 
>y-b-i^>ii,|^t-5. t^::. ^^V- (CARRY) 
77^^^CARRY=FALSEfc:y-b-y h-tS (^'X 
^10 9#HB) . 

[00 63] ^V^T, ^'X^'102 (ISffXP y hOU- 
JlW^'f AXO y h (FTS : Future Tiae Slot) ^X 

y'J:2.-vy^LXob-rtt-ism-th. tsm<ofz 

if>. ^-OVhD^'XjJ, FTS = f (CTS. SM_I 

D) ff>mmLfiZ3iya-\i^iiot. 

[ 0 0 6 4 ] St . sMimmmt:zt'<Dtii:bn^- h ( o 
PIS) ixir=j:L-vyyLXofri*'^miKirh 

{9X^ 103: ^■hiV^-V<mm . ^iS. ^-hif^- 



C0RPS<iCOXh7Tx$rJg^L 

iR**ffiffl»rtg-cj)S) . 

[0 06 51 ^V^T. SC (FTS) 0^$<7xyh>J0 
5^T\ SM-ID^J^cOX^S^'i-'jy^Sr^^S 

(^X^'104 : XD y h*g^i-jm*LTV^&*X7)T- 

XF) , 

[00 661 t>L. SM- I D7&>'C:<?)X^>''jL-D>'^^ 
*llff^i.SMi:S^I.5Sr^>Jf (^X^10 4(7)N 
O.Jgfc. SC (FTS) «ffljtxyhy<03t>'C. 
OPI (Jti:Jj;K-MD) X'iri/::^-Vyy^U^ 
X\.'^hi&:fj^-hOP I st::^Uv^t,<?)*«ib6*^t'd*» 
«rf>x'y^'-t& (^'X^'l 05 : &^(4|fijh$<trv^S 
i^r-X h ) . 

[00671 i^^ffljh$itTU5^^>tf ( ^X^ 1 0 
5<0YES) . Sj< y-fe— i^'SriJjOSMCjg-r (^X:^' 
106) . 

[0068] e^Jffiit$itTV^^V^^^.(f (r^X^'l 
05ONO) . SC (FTS)<Ofl^yhO<Oo*> 

■c. OP I {taij^-h I D) xirz^^-vyi^i 

is;^iTv>sai^i^-hop I sizmu^i>cr)tf^h^i)^t' 

0ll^^i-3^'7^-th (^X9107 : -^-OXP-yHilX 
4>ixTl^i)*H0f-Xh) . 

[0069] -!-iDXO >y h*<)Ri?>il.TV^^rV^«^fe:{4 

(r^X^'l 07C0NO) , SC (FTS) ie<^S 
M-iDS:*UOPi*»'OP I st=^Lt^^l«;xyM; 

TTL=N. TSI=FTS'C. SM-ID 
JieEcOI Dfc^U<. OPI=OPI ST'&^SE* 
^^^-rS {^X9\0S : Xa-yhSrKS) , ^col*. 
:5'X^' 10 6 ( S^ •v\i~'J(r^\'m.L) ^tMs. 
[00701 C<^Xn.yh^S4J-*«0f*LTV^&«^ 
(:J'X^'l 0 4C7)YES) i,h\m^<r>Xu / Vtl^mz 
JR4>ixTV^*J^ (^X:? 1 0 7COYES) Wi, i^jlS 

CARRY=TRUE/FALSE«rf-x •y^'-rS. C 

ARRY=TRUE<7)i^tJi. SC {FTS) <m± 

y<-)VY\,z^ opi=opiswxyh'j$:f^^t. 

dt^SrV^fcUlC ARRY=TRUE{:-b .y M,, 
mz. FTS = FTS + NC-fe«y F-rS (:?X^10 

[00711 ^x^io9t,zi.'oimLm^ifimi^ti 

0) . ED*>, FTSJi, CTS*>/i>2N2J;0jS<t8| 
1XX\iTst>^j:\\ (FTS-CTS) >2N2TJ>SJ© 
{9X^1 lOcONOK) , x5-;<-y-fe-v''^ajL 
T3?«l$:ttijtrS. FTS-CTS) ^2^^<n^\iZ 
ti {9X9 1 1 OCOOK) . 9X9 1 04^.^^. 
[0072] CORPST)Vd^)XM.^m\^hZ.tX\^X 
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lZtii^j:\<\ VOQq*>'SMptioT^$it&i: 
flii^St, mi4tzXtHi. SMpj&JqJrX^y-i- 

m^ii. gc;^i^:^cxn>y htc*t traits iiTV^Sii^T- 
SMp*<Hljt$ixTv>i>fc{i. ^jL-ciijimzx 

hhS MttJt*»/v:>NfflT*> 0 , ItlSiO rnVi^a yiifS. 

[ 0 0 7 3 1 im t tB^)^- b q Sr^LTXiTi/jL- 'J 
yi/LJ:di:-r&mfflc7)A:>]^-h ( SM) hSr 

- h q Kit LT s M i t: J: r>r;^i^>''jL- 'j yi^^tit 
Xn-yVcomLinii (At) t-ri>. ;^^^>''jL-7 
tt, eS<0»JS A tm/i, jeWUzMLX. 
I njMAt) - njMAt) I 
T'iil.*^. m-7xT (m-^) T'fcStV^d, ^ 

'fmt?>ZttiX'^^j:\'\ 

[00741 CORPSIi. m-^ ( Km^N) T* 

nLxmmf7)sum^Lx\^htwi^'i-i>. mmtx 

nifflOSM*<XO -y h t s fciSV^Taih^ifCV^^r^-Ji® 

t s + nN ( Kng i ) <7)S{-m<icO?gt=;^O y 
hip^j:tnni^j:{i>^j:\\ ^^^ha. m^izzti^<7>x 

( 5 L^^n^mtl^^it s tcfc(,^Tffljh$ixt:v^S ) 

ifiT) s M*^^ii-f q (iM LT;^^r i;^- 'J 
ti>c:tl,z^j:i.zt^jmti>. c:c:-e. '5-n^.<i3g7 
W-A<ONffli£0^i-SXa-y htJtLTSrHLi^Jt. 

-Atio<oxiri;jt-.j>'^fr^i-St-t<x{f. # 

sMtt, aj:>j^-hqtJtLT»:<oi7P-A{c^a5t:- 

i 7l'-A<J5 i umcOXU-/ hiP'^1R(> 
ix2.XO-yh(^V^-fil<7)-9-7'-fe-yht>. ffeCOSMi 0 1 



[00751 g»oa«ii«i*aiv^t><7)T'S>s. -en 

^'n^^Oj)SVOQ{i. ffi<?5SM<Ojl*i5-rSVOQ<?5BU 
Nffl J: 0 ^ < y h t'x $ ^tl, c: t {i^t ^ 

=5:5. 

[00761 $^>{C, SV^M^cOtfcTii. Sffli^ii!:?J 

-r«yhS:*^5 (0140^^X^108) . 
[00771 CORPSr-^x:5'^-vfc-:>v^TvKo 

KO, ffiS<0:^rST'XD y ^^0X^>''i-'J>-:/>'^'^'- 
»f . aj:;j4^- OTtf s c: i: t>^ig-efcs . c: 

<^ismi. SM*J3 'J yizx *)^\,^m:iz^m l 
titiii^oxhtti^. *>J:oiL^$:<r>xa'yh^z^^^x. m 

LfzsMf}mx"mi:M'oTtffz^. mt^V'>'3y 

lZ)S\,^X^<7MiZXiri;^-0 y^^^tlfz^-iiry Y-ffM 

tmmuzsMi)K zcmmzxt^mmxmTif 
i^xTM.ii. mmzi-i'msMc^^ff.ijmm 

[00 781 CORPSJi. mLCOyu-J^izi>t:*)Ji 

ir.y hx-tri^^-oyf^irfinf^zkizx^xmmim 

m-^. m-^X. mcOXiri;^-yiZ^KX . ^^^N'^r 
•y h < t «!^-ri. CI fc {± t ^ t tT'A 

ZffXfiib. — «h57^«y^'f)ttTCORPS<^ 
^\-7*-vyx^^W-rs. fiJ^B^<i. ^SLaf^*5 

tXiri;j,-»jy^T)U::fOXAbit'<.X. iyXfM.i}^ 

[00801 ( i ) -«h77-f •y^'SiJ^iiS. fcitf 
( i i ) #SM{Cj:l,7>'rA^VOQ4f aHSIR (0 
14<^^'X^'103> . 
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[008 11 -^;i'i>iT^v:SMm(0. JiJl'j'-K-b n5BO^' 

jsp-cop^ ->r j§e(ci^-^Tfc4>«9)S A^d?- htm 

[0082] VOQSaKtcKLT. ■^;c4>n/v:SMO^ 

SJ?$ni> ({5«i i ) . fi!->T, ttS<0VOQ{c*tL 

i»l>. WT. Chipalkattitf ( "Protocols for 0|>tical 
Star-Coupler Network using WDM," IEEE Journalon S 
elected Areas in Coonunications, Vol. 11, NO. 4, N 
ay 1993) tcfi!dt, -T-^TfOVOQcOfllffl^A^'pT'* 
lOiJJSMtciJtr^TM^^iiSS-CSrirWOQ 
(N-l ) ptJ:oT-^;t.'biil.. 
[0083] $^>fc, qi:2gSEfcBiM-rSS!l«0fiWS:« 

^rv^tv^oi^T. rtiqttiM^rS. »:^*5jgi5i:^o 

[0084] r = /5q = p/N ( 1 ) 

[0085] Q.„<?5^^ * VittJ,:lT<Oj: d fctr^Mb-t 

:^-^v/'^mM'ftMz^o.9mj^'r 'jV\%. SM 

m<\i. H-x.hfKfz7.xivY\z^\^xm^<\-QUZ.h, 

^'C^^-:? s = q ( 1 - Ph ) <nim 

'ffmzm. ^^•^vmt-t'<x<r)^-))is'^-v^zn\.x 

/? = l + ^[l+(Ar + l)(l-r: 

[009 11 CORPStiixJf, SMjtpllWtTl^i.:^ 
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